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Fertility among Female Survivors of the Atomic Bombs
of Hiroshima and Nagasaki

WILLIAM J. BLOT1 AND HISAO SAWADA2

INTRODUCTION

Studies to determine both acute and latent effects of the atomic bombs of Hiroshima
and Nagasaki upon pregnancy outcome and fertility have been conducted in Japan.
The Joint Commission for the Investigation of the Atomic Bomb reported reduced
sperm counts and histological gonadal changes in fatal cases in those proximally
exposed to the atomic bombs [1]. Yamazaki et al. [2], in examining the outcomes
of pregnancies of Nagasaki women who were pregnant at the time of the bomb,
found excessive fetal loss and infant mortality among those who were heavily
exposed and evidenced major radiation symptoms. During the years 1948-1953,
Neel and Schull [3] considered some 70,000 pregnancy terminations in the two
cities. Testing several genetic hypotheses, they found no evidence of differences in
frequencies of congenital malformations, stillbirths, or neonatal deaths among
groups of parents of varying degrees of radiation exposure.

In a study of fertility over the 16-year period 1945-1961, Seigel [4] consulted
the Japanese official family-registration records and found no significant differences
in the ratios of numbers of live births to years of marriage among individuals
divided into groups according to distance from the hypocenters of the atomic
explosions of 1945.
The study reported herein likewise examines fertility over a relatively long

period of time (up to 18 years). However, considerably more detailed information
is available allowing the calculation of rates of pregnancy and allowing for the
inclusion of certain factors, notably the practice of contraception, which may influ-
ence these rates. In addition, a system of dosimetry [5] has evolved through which
individual radiation dose estimates can be assigned to almost every member of the
sample under study. Utilizing this dosimetry to define comparison groups, the
object of this study has been to determine whether the likelihood of conception has
been significantly altered by exposure to atomic radiation.
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METHODS

Married women of various ages and backgrounds were interviewed concerning their
reproductive histories (see questionnaire listed in fig. 2). The interviews were conducted
as part of regularly scheduled biennial visits of members of the Japanese National In-
stitute of Health-Atomic Bomb Casualty Commission (JNIH-ABCC) Adult Health Study
Program (AHS) [6] in Hiroshima and Nagasaki during the years 1962-1964. All women
of the AHS who were between the ages of 8 and 40 at the time of the bomb who came to
the ABCC clinics were interviewed. Those who had been divorced, separated, sterilized,
or for whom there was no estimate of radiation dose received from the atomic explosions
were not considered. Reproductive experiences of first marriages only were taken into
account. The sample so selected consisted of a total of 2,345 Hiroshima and Nagasaki
women.
Data for those who were married after the bomb (AB) were analyzed separately from

those married before the bomb (BB). The entire marriage experience of the former, to
be called the AB sample, was necessarily conducted after their exposure to radiation,
whereas many of the latter, to be called the BB sample, had conceived and delivered one
or more children prior to their exposure. Since our interest lies in determining possible
radiation effects, only those pregnancies in which fertilization was believed to have taken
place after August 1945 were considered for this latter sample.

Individuals in the samples were classified according to their length of marriage in the
postwar years. The end point of marriage time was taken to be the earliest of the follow-
ing: date of interview, onset of menopause, or end of marriage. Only those women whose
marriage length extended for at least 3 years were considered. For the AB sample, two
marriage-length categories were defined, encompassing those married more than 10 years
and those married 10 years or less. For the BB sample, individuals were grouped by the
number of children born (parity) before the bomb rather than length of postwar marriage.
This sample was also divided into two age categories. Those aged 35-39 in August 1945,
thought of as being of marginal fertility, were treated separately.
A particularly relevant factor in assessing an individual's fertility (but difficult to

accurately quantify) is the practice of contraception. Based on answers to indirect ques-
tions (see fig. 2), both the AB and BB samples were divided into two sections. One,
designated as the C- group, consisted of those who did not admit to practicing contra-
ception at any time after August 1945. The other, designated as the C+ group, consisted
of those who did. As will be seen from tables 1 and 2, contraception was widely practiced,
more so in Hiroshima than Nagasaki.
The final classification within the samples was according to total radiation dose received

from the atomic bombs. The women interviewed were classified into one of the following
four radiation dose groups (labeled "T65 dose" in [5]): not in city (NIC), 0-9 rad,
10-99 rad, and 100 or more rad (100+).
Tables 1 and 2 list the numbers of women in the divisions of the two samples by city,

practice of contraception, marriage length or parity, and T65 radiation dose.
The fertility of these individuals will be defined in terms of the likelihood of concep-

tion. The measure to be considered is the pregnancy rate. Originally proposed by Pearl [7],
the rate of pregnancy, R, is defined by

R =
no. pregnancies

100.
no. years exposure to conception

The number of years exposure to conception is given by the number of months of marriage
after August 1945 minus the elapsed time, in months, during which conception is believed
to be physiologically impossible, divided by 12. To obtain this conception-exposure time,
the time spent in pregnancy was substracted from total marriage time. Time spent in
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TABLE 1

NUMBERS OF WOMEN INTERVIEWED MARRIED AFTER AUGUST 1945 ACCORDING TO CITY,
PRACTICE OF CONTRACEPTION, MARRIAGE LENGTH, AND RADIATION DOSE

DOSE (rad)

CITY AND CONTRACEPTION MARRIAGE LENGTH
PRACTICE (YEARS) NIC* 0-9 10-99 100+ Total

Hiroshima:

Yes.{......... 3-10 47 77 60 29 213YS - --- -11-18 77 75 51 31 234

No 3-10 42 77 63 17 199
111-18 65 66 36 27 194

Total.... f 3-10 89 154 123 46 412
11-18 142 141 87 58 428

Nagasaki:

Yes f 3-10 19 32 6 20 77
111-18 29 32 8 41 110

NO f3-10 44 49 19 52 164
No...... --------111-1838 27 21 62 148

Total.......f3-10......3 63 81 25 72 241
111-18 67 59 29 103 258

* NIC = not in city.

postpartum lactation was not excluded from exposure time. In calculating R, all preg-
nancies, including those ending in spontaneous and induced abortion, were considered.

Pregnancy rates were calculated for each person in the two samples. A linear statistical
model containing parameters representing contraception, marriage length or parity, and
radiation-dose-group differences was used to describe the individual pregnancy rates for
members of the sample in each city. Analysis of variance techniques were used to deter-
mine whether the parameters of the models associated with dose differences were signifi-
cantly different from zero, that is, to see if differences among the dose groupings did in
fact exist. In some cases, the variable of interest was not the pregnancy rate but a per-
centage of individuals with a certain attribute (e.g., those with zero pregnancies). For
such cases, statistical tests employing contingency tables of dose versus percentage were
conducted to see if the percentages varied with dose.

RESULTS

One of the first questions asked was whether those in the high-radiation-dose
groups (100+ rad) were sterile in comparison with the remaining groups. The
answer appears to be no. Within each contraceptive-practice group, there were no
significant* differences among the dose groups in the proportions who failed to
conceive in the postwar years for both samples and both cities. These percentages
are listed in table 3. Because of the small numbers of individuals, data from the
Nagasaki 10-99 rad group are not listed.

Highly significant differences were found between the C+ and C- groups.

* Throughout this paper, the terms "significant" and "highly significant" will refer to
statistical significance at the .05 and .01 levels, respectively.
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TABLE 2

NUMBERS OF WOMEN INTERVIEWED MARRIED BEFORE AUGUST 1945 ACCORDING TO AGE,
CITY, PRACTICE OF CONTRACEPTION, PARITY, AND RADIATION DOSE

DOSE (rad)
CITY, AGE IN 1945,
AND CONTRACEPTION PARITY IN

PRACTICE 1945 NIC* 0-9 10-99 100+ Total

Hiroshima (<35):

Yes f0, 1 19 22 21 10 72l2+ 12 20 15 6 53

No ............

0, 1 35 65 67 20 187N2+ 61 83 63 19 226

Total..fo..... 0, 1 54 87 88 30 259
TOa ---*l2+ 73 103 78 25 279

Nagasaki (<35):

Yes .f , i 5 5 1 2 13
** e--*2+ 5 5 1 2 13

No .0, 1 17 15 13 20 65
*-*----*t2+ 9 17 15 17 58

Total J 0, 1 22 20 14 22 78*2+ 14 22 16 19 71

Hiroshima (35-39):
Total ............... ... 64 105 70 31 270

Nagasaki (35-39):
Total ............ ... 12 17 8 12 49

* NIC = not in city.

Whereas sizable numbers of those who did not practice contraception (C- group)
had sterile marriages, nearly everyone who did practice contraception at some
time (C+ group) conceived at least once following exposure to the bomb. Within
the C- groupings, the percentages were consistently larger in Hiroshima than
Nagasaki, significantly so for those in the AB sample married 11-18 years and
those in the 0, 1 parity group of the BB sample. The city difference was most strik-
ing for those aged 35-39 at the time of the bomb. For individuals of that group,
over 60%o in Hiroshima, but less than 30%o in Nagasaki, failed to conceive after
August 1945. Differences between marriage-length groups fell short of significance.
The direction of parity differences depended upon whether contraception was prac-
ticed.

Finding no large differences due to radiation in the percentages of those with
sterile marriages, and hence with pregnancy rates equal to zero, an attempt was
made to determine whether differences in pregnancy rates existed for those who
conceived at least once. Figure 1 shows a relative-frequency histogram of these
pregnancy rates for the Hiroshima AB sample. Since distributions of the pregnancy
rates for those with at least one pregnancy were similar for the C+ and C
groups, in contrast to the noticeable differences in the proportions of women with
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TABLE 3

PERCENTAGES OF WOMEN WITH No PREGNANCIES AFTER AUGUST 1945 ACCORDING TO
DATE OF MARRIAGE, AGE, CITY, PRACTICE OF CONTRACEPTION, MARRIAGE

LENGTH OR PARITY, AND RADIATION DOSE
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DOSE (rad)
CITY, AGE IN 1945,
AND CONTRACEPTION MARRIAGE LENGTH

PRACTICE OR PARITY NIC* 0-9 10-99 100+ Total

Hiroshima (<35):

Yes ................

No .................

Nagasaki (<35):

Yes .................

No .................

Hiroshima (<35):

Yes ................

No .................

Nagasaki (<35):

Yes ................

No .................

Hiroshima (35-39):
Total ...............

Nagasaki (35-39):
Total ...............

Marriage after August 1945

f 3-10 0 1.3 1.7 0 0.9
-11-18 0 0 0 0 0
f 3-10 9.5 13.0 12.7 17.6 12.6
111-18 12.3 12.1 13.9 7.4 11.9

f 3-10 0 0 ... 0 0
111-18 0 0 ... 0 0

3-10 9.1 10.2 ... 5.8 8.3
\11-18 7.9 0 ... 4.8 4.7

Marriage before August 1945

{0, 1 0 0 0.0 0 0
2+ 8.3 10.0 13.3 0 9.4
0, 1 34.3 30.8 37.3 45.0 35.3
2+ 26.2 19.3 20.6 26.3 22.1

0, 1 0 0 ... 0O
2+ 0 0 ... 0 0
0, 1 23.5 13.3 ... 15.0 17.3
21- 22.2 6.3 ... 11.8 11.6

... 60.9 61.0 65.7 61.3 62.2

... 225.0 35.3 37.5 16.7 26.5

* NIC = not in city.

zero pregnancies, the
figure 1.

data for the two contraception groups are combined in

Because of the form of the distribution of pregnancy rates greater than zero, the
analyses of variance for testing radiation effects were not performed on the actual
R's themselves, but on transformed values of R. An arcsin square-root transforma-
tion was employed. The transformation was applied to individual values of the
number of pregnancies per years of exposure to conception. Because of a large
number of high values (R levels greater than 100), the transformation was applied
to the number of pregnancies per half years of exposure to conception for the AB
sample.

For both the AB and BB samples and for both Hiroshima and Nagasaki, the



BLOT AND SAWADA

>~ .2031zC.

LU .102

.000.
0 40 80 120 160

PREGNANCY RATE R

FIG. 1.-Relative-frequency histogram of positive values of the pregnancy rate R, Hiroshima
AB sample.

analyses of variance on the transformed rates showed no significant dose effect.
There were no consistent patterns indicating any reduction in the likelihood of
conception among those who had received high doses of atomic radiation.

Table 4 lists average values of the untransformed rates R according to marriage
sample, marriage length or parity, and T65 dose group. The analyses of variance
uncovered no significant effect of the practice of contraception, and hence the data
from the C+ and C- groups are combined in the table. In the AB sample, mar-

riage-length differences were highly significant in both cities, those married 3-10
years having larger rates than those married 11-18 years. Parity differences in the
BB sample were highly significant in Hiroshima, those with either zero or one child
prior to the bombs having larger average rates. The R's were uniformly higher in
Nagasaki than Hiroshima. In both samples, the overall Nagasaki means were highly

TABLE 4

MEAN PREGNANCY RATES FOR INDIVIDUALS WITH AT LEAST ONE PREGNANCY AFTER
AUGUST 1945 ACCORDING TO DATE OF MARRIAGE, CITY, MARRIAGE LENGTH

OR PARITY, AND RADIATION DOSE

DOSE (rad)

MARRIAGE LENGTH
CITY OR PARITY NIC* 0-9 10-99 100+ Total

MIarriage after August 1945

J 3-10 66.7 55.3 57.2 55.8 58.4
Hiroshima .*--------t 111-18 35.6 34.7 37.1 38.1 36.0

f 3-10 75.6 68.7 ... 74.7 72.7Nagasaki.*- -- - - - -- 111-18 48.7 43.9 * 45.5 46.0

Marriage before August 1945

Hiroshima 0, 1 21.1 21.0 24.0 22.2 22.1
H1Oh1a12+ 16.4 15.7 15.0 23.4 16.3
N 0, 1 29.5 35.8 ... 35.7 33.7

NagaSaki .1--******-*-- A 2+ 26.9 38.5 ... 28.1 32.2

* NIC = not in city.
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significantly larger than the Hiroshima means for both marriage length and parity
groups.

Since the analyses of variance were conducted on transformed values, we cannot
exactly determine the magnitude of actual differences among the dose group means
of the untransformed pregnancy rates that could be detected by the analyses
of variance. However, by inversely transforming, we can obtain conservative
estimates of these sizes. With at least 80%o probability, if there existed differences
of roughly 15 or more in the mean values of R for the radiation dose groups for the
AB sample, or roughly 10 and 17 for Hiroshima and Nagasaki, respectively, in the
BB sample, they would have been detected.

DISCUSSION

The intent of this study has been to determine if exposure to the atomic bombs
of 1945 has impaired subsequent likelihood of conception over a period of time
extending through 1962-1964. Previous related studies by Neel and Schull [3],
examining pregnancy outcome over a 5-year span beginning 3 years after the bombs,
and by Seigel [4], examining birth rates through 1961, both were negative in the
sense that no significant radiation effects were reported. In view of these previous
negative findings, it was not expected that our study would uncover any latent
radiation effects. It was nevertheless felt that the information available to us, which
included detailed reproductive histories and complete individual radiation-exposure
estimates, indeed warranted analysis.
The present analyses did corroborate the results of the earlier studies. Combining

all results, it is apparent that no large long-range alterations in average fertility
can be attributable to exposure to atomic radiation in 1945.
The significant differences in fertility according to city, practice of contraception,

and marriage length and parity that were -found indicate that inclusion of these
concomitants was necessary. Our results showing higher fertility in Nagasaki were
consistent with those of Taeuber's [8] study of the population of Japan rather
than with Seigel [4], who reported no such difference. Taeuber [8], as we have,
noted differences in sterility (in 1952 and 1954) between those who admitted
practicing contraception and those who did not, suggesting that the practice was
generally adopted following conception (and birth). In the AB sample, a large
majority, 82%o, began practicing contraception after the year of their first
pregnancy.
A conjecture that had been raised was that those in the high-dose groups, fearing

unknown atomic bomb effects, might not want to produce offspring. This conjecture
was not supported by the data. In fact, of the entire sample interviewed, only 10
indicated they were reluctant to have children because they feared the consequences
of the bomb. No evidence of differing contraception practice according to dose was
noted.

Since the purpose of this study has been the investigation of possible radiation
effects, comparisons of our data with outside sources has not been sought. In effect
we have compared a high-dose group (100+ rad) with three internal "controls":
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those not in city, those in city with low (0-9 rad) doses, and those in city with
10-99 rad doses. When nonradiation differences such as city, practice of contracep-
tion, and marriage length or parity are taken into account, we feel these control
groups represent the most adequate groups for comparison presently available.
(Socioeconomic information was not obtained during the interviews. However, Neel
and Schull [3] found no clear evidence of differing economic status in the postwar
years according to radiation exposure group.)
The doses used to define the comparison groups were doses received by the inter-

viewees. Accurate dose estimates for their husbands could not be obtained. From
T65 dose estimates for the parents of 50,000 children, members of the ABCC F1
sample born during the years 1946-1958, including many in Neel and Schull's [3]
study, a highly significant correlation between T65-radiation-exposure groupings
of husbands and wives (fathers and mothers) was evident. Hence, possible differ-
ences in fertility due to radiation should in fact be more pronounced than if the
husbands' exposures were uniform throughout the four comparison groups.
The accuracy of the interviewees' memories is a problem of concern, since histories

were obtained for reproductive experiences over periods of up to 18 years. To
ascertain the reliability of the present information for a subsample of our popula-
tion, references were made to charts from clinical examinations conducted four
years earlier at ABCC which recorded the numbers of births and abortions. (Dates
were not available nor were induced abortions differentiated from spontaneous
abortions.) For over one-third of this subsample, the information obtained at the
two different times failed to match. However, the inconsistencies nearly always
showed our interviews reporting a higher number of pregnancies than earlier. These
differences were mostly due to the inclusion of induced abortions which had been
omitted at the first examination. Hence, though we cannot make any statements
about the accuracy of our anamnestic histories in absolute terms, it does appear
our data were substantially more reliable relative to that obtained earlier.

In the method of analysis employed, a fertility index (R) was determined for
each member of the sample. Averages of these rates were computed, and compari-
sons of averages of the various dose groups were then made. An alternative method,
perhaps more commonly used in the literature, considers fertility indices for groups
of individuals. A separate measure is not constructed for each person, but rather
the aggregate experience of groups of persons are compared. Hence, a group preg-
nancy rate is formed by summing the number of pregnancies for all persons in
that group and then dividing by the sum of marriage-exposure years of all persons
in the group. We feel the first method is more appropriate in that it considers direct
measures of each person's fertility. However, we also applied the alternative
method. The conclusions remained unchanged.

SUMMARY

Information concerning the reproductive histories of 2,345 Hiroshima and
Nagasaki women subject to varying degrees of radiation exposure from the atomic
bombs of 1945 was obtained from personal interviews. From this information, the
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likelihood of conception over a span of years from immediately following exposure
through nearly 2 decades later was calculated. Significant differences in percentages
of marriages without conception according to practice of contraception and city of
residence were found. Significant differences in rates of pregnancy by city, marriage
length, and parity were also shown. However no evidence that exposure to high
doses (100+ rad) of atomic radiation has impaired subsequent fertility was
uncovered.
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Sheba International Symposium
Genetic Polymorphisms and Diseases in Human Populations

A symposium to commemorate the late Prof. Chaim Sheba will be held March
18-22, 1973, at Tel-Aviv University in Tel Aviv, Israel. Invited speakers will deal
with the following topics: polymorphic traits, genetic isolates, screening, genetic
diseases in populations, and recent advances in selected topics of medical genetics.

For further information contact Dr. B. Ramot, Chaim Sheba Medical Center,
Tel-Hashomer, Israel.
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